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^eneraC Introduction 
GENERAL INTRODUCTION 
1.1 Introduction 
Chromatography is a physical method of separation, in which two or more 
components to be separated are distributed between two phases, one of these 
phases constituting a stationary bed of large surface area, the other being a fluid 
that percolates through or along a stationary bed. Chromatography is a powerful 
separation method that finds application to all branches of science. It is an 
excellent technique for the separation and analysis of highly complex mixtures. 
The chronological development in separation techniques of chromatography is 
presented in Table 1.1. 
Table: 1.1 Chronological Development of Chromatographic Techniques 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Technique 
Thin-layer chromatography 
(TLC) (adsorption) 
Partition chromatography 
Paper chromatography (PC) 
Counter current distribution 
(CCD) 
Gel-permeation 
chromatography (GPC) 
Gas chromatography (GC) 
Ion-exchange 
chromatography (partition) 
Electrophoresis 
Thin-layer chromatography 
(TLC) (partition) 
Year of 
Discovery 
1938 
1941 
1944 
1944 
1945 
1946 
1947 
1948 
1951 
Discoverer 
Izmailov and Schraiber 
Martin and Synge 
Consden, Gordan and 
Martin 
Craig 
Barrer 
Claesson 
Meyer and Thompkins 
Haugaard and Kroner 
Kirchner, Miller and 
Keller 
10. 
11. 
12. 
13. 
14. 
15. 
Gas liquid chromatography 
High-performance liquid 
chromatography (HPLC) 
Ion-exchange 
chromatography (lEC 
partition) 
High performance thin layer 
chromatography (HPTLC) 
Ion chromatography 
Over pressured layer 
1 chromatography (OPLC) 
1952 
1952 
1963 
1974 
1975 
1979 
James and Martin 
James and Martin 
Samuelson 
James and Martin 
Small, Stevens and 
Baumman 
Tyihak, Minescovics and 
Kalasz 
1.2 CLASSIFICATION OF CHROMATOGRAPHIC METHODS 
The chromatographic systems can be classified according to (a) state 
of aggregation of phases, (b) physical arrangement of the phases and 
(c) mechanism underlying the distribution equilibrium. 
Chromatographic systems generating from solid, liquid and gaseous 
phases are (a) liquid-liquid (b) liquid-solid (c) gas-liquid and (d) gas-
solid. 
According to the latest nomenclature for chromatography [1] all 
chromatographic methods can be separated into column 
chromatography and planar chromatography, depending upon the 
shape of the chromatographic bed. 
The classification of chromatographic techniques has been illustrated in Fig. 1 
LIQUID CHROMATOGRAPHY TECHNIQUES 
COLUMN 
^ 
LAYER 
CAPILLARY FORCED 
FORCE FLOW 
PLANAR NON-PLANAR 
CC HPLC 
CAPILLARY 
FORCES 
CAPILLARY 
FORCES 
FORCED 
FLOW 
TLC/FID 
PC TLCRPC HSTLC OPLC 
Fig. 1. Classification of liquid chromatographic techniques according to 
the physical arrangement of the phases. 
Note: CC = Column chromatography, HPLC = High pressure liquid 
chromatography, PC = Paper chromatography, TLC = Thin-Layer 
chromatography, RPC = Reversed phase Chromatography, HSTLC = High 
Speed TLC, DPLC = Over Pressure Layer chromatography, FID = Flame 
Ionization Detector. 
Column chromatography is a separation technique in which the stationary bed 
is within a tube. The particles of the solid stationary phase may fill the whole 
inside volume of the tube (packed column) or be concentrated on or along the 
inside tube wall leaving an open unrestricted path for the mobile phase in the 
middle part of the the tube (open-tubular column). 
Planar chromatography is a separation technique in which the stationary 
phase is present as or on the plane. The plane can be unmodified paper, paper 
impregnated with a substance as a stationary bed (paper chromatography, PC) 
or a layer of solid particles spread on a support, eg. glass plate (thin layer 
chromatography, TLC). Sometimes planar chromatography is also termed 
'Open-bed chromatography' (1). In Table 1.2, comparative analysis of planar 
and non-planar chromatography has been illustrated, which underlines the 
similarities of the important chromatographic variants and the differences 
between them. 
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1.3 HISTORICAL OVERVIEW OF PLANAR CHROMATOGRAPHY 
The history of planar chromatography goes back to early work performed by 
Runge [2, 3], who separated dissolved dyes on filter paper. In addition to his 
separations, he produced a variety of colours of different composition. Runge 
is considered the originator of paper chromatography (Weil and Williams 
[4]). Ettre [5] considers the capillary analysis of Goppelsroeder and pupils to 
be the closest technique to that known today as planar chromatography. Like 
Runge, they also separated coloured compounds. 
Later Ismailov and Schraiber [6, 7] used alumina particles spread on a glass 
plate instead of a packed in a column. The thickness of their layer was 
approximately 2 mm (See Kreuzig [8]). Ismailov and Schraiber used alumina 
with no binder whereas Meinhard and Hall [9] introduced a starch binder to 
'immobilize' the adsorbent on a glass microscope slide. Ettre [4] reports that 
Meinhard and Hall called their method 'surface chromatography' - a 
reference to the two dimensional nature of their stationary phase. Ismailov 
and Schraiber [6, 7] and Meinhard and Hall [9] developed a circular planar 
chromatogram [5] and Kirchner and Keller [10] introduced the ascending 
development of silica-impregnated paper strips. 
A major impetus to the widespread use of thin-layer chromatography was 
provided with Stahl [11-13]; he standardizing thin layer chromatography by 
construction a spreader for preparation of thin-layer plates, suggested the use 
of silica as adsorbent and edited an excellent text book [13] etc. At that time 
different arrangements for development, and appropriate chemicals and 
laboratory supplies for thin layer chromatography became commercially 
available. 
The continuing popularity of planar chromatography is based on features 
such as possibility of direct observation, use of specific and colorful 
reactions, and the possibility of two-dimensional separation. Capillary action 
results in the migration of mobile phase through the stationary phase bed. 
Since the work summarized in this dissertation is based on thin-layer 
chromatography (TLC), it is, therefore, necessary to discuss the important 
features of this technique. The following paragraphs present on overview of 
all important aspects of this widely popular and versatile separation 
technique. 
1.4 THIN LAYER CHROMATOGRAPHY 
Thin-layer chromatography (TLC), a subdivision of liquid chromatography 
is carried out on a flat surface and hence it is sometimes referred to as planar 
chromatographic separation technique. In TLC, the mobile phase (a liquid) 
migrates through the stationary phase (thin layer of porous sorbent on a flat 
inert surface) by capillary action. This technique is simple, versatile and 
inexpensive means of separating and identifying the components of complex 
mixtures of inorganic, organic and biochemical substances. 
The beginning of TLC can be ascribed to the report of Dutch biologist, 
Beyerink [15], who separated hydrochloric and sulfuric acids in the form of 
fine rings on thin layer of gelatin using a visualizing agent. Following the 
same method, Wijsman [16] identified the presence of two enzymes in malt 
diastase using a fluorescent method for detecting separated enzymes on thin 
layer. He used the bacteria obtained from sea water as fluorescent agent. 
However, the invention of TLC is usually credited to two Russian scientists, 
N. A. Ismailov and M. S. Schraiber, who used binder free horizontal thin 
layer (2mm thick) of alumina spread on glass plate to the analysis of 
pharmaceutical preparations which led to the publication of their classical 
paper [6] on "A Spot Chromatographic Method of Analysis and its 
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Application in Pharmacy" in 1938. Since their method consists of depositing 
a drop of sample solution being investigated and the development by the 
application of several drops of solvent on flat surface of adsorbent before 
observing the separated zones, it was called "Drop Chromatography or Spot 
Chromatography". They also pointed out the usefulness of this method for 
preliminary testing of sorbent properties before their utilization in the form 
of column. Though Izmailov is best known for his fundamental work on 
TLC, his main field of interest was electrochemistry for which he received 
the Mendeleiv Prize of the Academy of Science of USSR in 1961. 
In 1939, Brown developed a useful technique called "Circular Paper 
Chromatography" which involves the placing of filter paper between two 
glass plates and the application of sample and the developing solvent 
through a small hole of the upper plate. To obtain stronger adsorbent, he 
proposed the use of a thin layer of alumina between two sheets of paper. In 
1940, Lapp and Erali used a loose layer of alumina spread on a glass slide 
that was supported on an inclined aluminium sheet. This sheet was cooled at 
its upper end and heated at the lower end. The sample was placed at the top 
of the adsorbent layer and gradually developed by solvent descending 
movement. The use of heat at the lower end of the layer increased the 
evaporation rate of the solvent so that increased development could take 
place [17]. It is interesting that, in 1949, two American chemists, Meinhard 
and Hall [9] gave the concept of "Surface Chromatography" and described 
their work on the use of microscope slides coated with a mixture of alumina 
(an adsorbent) and celite ( a binder ) to separate Fe^^ and Zn^ .^ Their work 
was probably the first application of TLC for the separation of organic ions. 
TLC is the most widely used chromatographic method because of the 
following reasons (a) The availability of limited number of liquid 
chromatographs in research laboratories (b) simplicity of the techniques (c) 
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possibility of simultaneous analysis of a large number of samples (d) low 
cost and (e) the ease of operation by a researcher with little experience. 
Numerous publications on TLC applications attest to the versatility and 
applicability of this technique in all branches of science. It has opened new 
fields of exploration and become an invaluable aid to separation scientists. 
TLC can be used for (a) qualitative analysis (to identify the presence or 
absence of a particular substance in a mixture) (b) quantitative analysis (to 
determine precisely and accurately, the amount of a particular substance in a 
sample mixture) and (c) preparative analysis (to purify and isolate a 
particular substance for subsequent use). All three cases require the common 
procedures of sample application, chromatographic separation and sample 
component visualization. However, analytical TLC differs fi^om preparative 
TLC as the sample solution or amount is applied on thinner layers in the 
former case, whereas thicker TLC plates are used for preparative TLC. 
1.5 TLC PRODECURE 
The TLC process is an off-line process in which all the procedural steps are 
carried out independently. The basic TLC procedure involves the spotting of 
the sample mixture (5-10 |il) at about 2 cm above the lower edge of the TLC 
plate, drying the spot (usually at room temperature), development of plate 
with suitable mobile phase to a distance of 8-10 cm inside a cylindrical or 
rectangular closed chamber by ascending technique, withdrawing plate from 
the developing chamber, drying the layer at room temperature to remove the 
mobile phase, detection of spots on TLC plate using suitable detection 
reagent, measurement of Rp values of the resolved spots and the quantitative 
estimation of the analyte after extraction from the layer with suitable 
extractant. The differential migration of components results due to varying 
degrees of affinity of the components in a mixture for stationary and mobile 
phases. 
Sample Preparation 
Standard methods for sample preparation, identification and separation of 
analyte present in a variety of samples such as plants, food, biological, 
geological and environmental samples have been reported. In general, 
solutions of the surfactants are prepared by dissolving appropnate weights in 
methanol to give concentrations of 1% (1 gm/100 ml). Metal cation solutions 
are prepared by dissolving their corresponding salts in 0.1 M HCL (or 
HNO3) to a final metal concentration of 01.-0.2 M. Anion solutions are 
prepared in distilled water, dilute acid or alkali solutions. Pesticide solutions 
are prepared in ethanol, methanol or distilled water. 
TLC Plate Preperation or Coating Procedures 
The contemporary trend is of using commercially available pre-coated 
plates. The manual preparation of layers involves the coating of slurry of the 
adosorbent (silica gel, alumina and soil) on glass, aluminium or plastic sheet 
(20-20 or 20-10 cm) with the help of TLC applicator. The thickness of dried 
layer for analytical purposes is kept to 0.2-0.3 mm. A binder (starch, 
gypsum, dextrin or polyvinyl alcohal) is usually added to the layer material 
to provide better adhesion, mechanical stability and durability. 
Sample Application 
Sample application is one of the most important steps in the technology of 
TLC. Improperly applied samples result in poor chromatograms. Sample can 
be applied as spot or streak using micropipette, microsyringe, metting point 
capillaries etc. A number of automatic spotters of varying design are 
available for sample application. The nanoapplicator (Nanomat) is an 
example of micrometer controlled syringes which has a dynamic volume 
range of 50-230 nl. Another applicator (Linomat) allows sample application 
in narrow bands. The application of sample as streak or band provides more 
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efficient separations. The sample should be completely dried before placing 
the plate in the developing chamber. Dilute solutions can be applied to the 
layer either with sorbent drying between successive applications or after 
bringing the sample solution to proper concentration. 
Development Modes 
The process of migration of mobile phase through the sorbent layer to effect 
separation of the sample substance is called development. Ascending 
development has been the most commonly used mode of development in 
TLC. Other development modes such as multiple, stepwise, circular two 
dimensional and revered-phase partition development have also been used to 
limited extent. The distance for the migration of mobile phase has been kept 
to 10-12 cm for conventional TLC. While performing the development one 
should take care of the angle of the development and saturation of chamber 
apart from other factors. 
1.6 CHROMATOGRAPHIC SYSTEMS 
The stationary and mobile phases together comprise the chromatographic 
system. The optimum conditions for separation in TLC are yielded through 
mutual harmonization of stationary and mobile phases. Their proper 
selection decides the degree to which effective separations of components in 
a mixture can be achieved. 
Stationary Phase (Layer Sorbent) 
A large number of sorbents are available which can be used in TLC. The 
various types of sorbent layers presently in use may broadly be classified as 
follows: 
(a) Non-surface Modified Layers or Untreated sorbents : The sorbent 
phases used in the non-modified form include silica gel G, silica gel H, silica 
gel LS, acidic and neutral alumina, cellulose, polyacrylonitrile, etc. 
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Silica gel is the most frequently used layer material. It is slightly acidic in 
nature. At the surface of silica gel the free valencies of the oxygen are 
connected either with hydrogen of silanol (Si-OH) groups (Fig 2) or with 
another silicon atom of siloxane (Si-O-Si) groups. The silanol groups 
represent adsorptive active surface centers that are capable to interact with 
solute molecules. The ability of the silanol groups to react chemically with 
appropriate reagents is used for controlled surface modifications. Hence, 
silica gel is considered as the most favoured layer material in 
chromatography. 
OH QH OH 
Fig. 2 Structure of Silica gel 
(b) Impregnated or Treated Sorbents : To broaden the range of selectivity of 
above mentioned layer materials in (a), several workers attempted to use these 
materials after impregnation to a definite degree with buffers, metal ions, 
chelating agents or high molecular weight organic liquids. 
(c) Chemically Modified and Bonded Sorbents: The impregnated layers as 
mentioned in (b) suffer from the limitations such as 
(i) The impregnants are eluted to some extent by the mobile phases used and 
(ii) The stripping of liquid stationary phase from the support by incompatible 
mobile phases. 
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To overcome these problems, chemically bonded layer materials of similar 
properties were developed for safer use as stationary phase. Some of the 
examples are: lipophilic Cig-bonded silica gel phases, aminopropyl silica gel 
(NH2), octadecyl silica gel (Cig) and surface modified cellulose like 
ECTEOALA (a reaction product of epichlorohydrins tri ethanolamine and 
alkali cellulose). 
(d) Inorganic Ion-Exchangers: Apart from silica and alumina, other inorganic 
ion-exchangers have also found use in TLC. Besides many others, the use of 
stannic silicate, zirconium phosphoantimonate, zinc ferrocyanide, stannic 
sulfosalicylate, binder free zirconium (IV) antimonate and hydrous antimony 
(V) oxide as layer material has also been reported. 
(e) Mixed Sorbents: Mixed layers (impregnated and non-impregnated) have 
been used by several workers for achieving enhanced resolution of 
components. Mixed layers are usually of medium activity as compared to the 
separated phases. The addition of kieselguhr or soil in silica generally reduces 
the activity of silica, resulting in a new sorbent layer with altered activity that is 
capable of providing peculiar separations, not possible on separated phases. 
(jF) Miscellaneous Sorbents : These materials include silufol; silufol UV 254; 
silufol with a layer of silica gel; soil; soil-flyash, soil treated with neutral, 
alkaline and saline solutions; soil mixed with silica gel and kieselguhr etc. 
Mobile phase (Solvent System) 
In liquid chromatography including TLC, the mobile phase exerts a decisive 
influence on the separation. Various optimization schemes (Windows diagram, 
overlapping resolution maps, simplex method and PRISMA model) have been 
proposed for normal-phase and reversed-phase TLC. Mobile phase should be 
as simple as possible and be prepared from the purest grade of the solvent 
available. Mixtures composed of more than three or four components should 
be avoided because of problems associated with reproducible preparation. Care 
must be taken to mix the constituents thoroughly before use. With a particular 
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sorbent layer, the separation possibility of a complex mixture is greatly 
improved by the proper selection of mobile phase. The mixture of organic 
solvents containing some aqueous acid, base or a buffer are, in general, well 
suited for the separation of ionic species whereas anhydrous organic solvents 
and water containing mobile phases are more useful for separating non-ionic 
species. The following mobile phases have been used as developers. 
(a) Organic Solvents : The single component mobile phase including 
acetone, acetonitrile, benzene, carbon tetrachloride, chloroform, dioxane, 
ethanol, ethylacetate, methanol, o-xylene, petroleum ether, toluene, n-
octanol, n-nonane, cyclohexane and binary/ternary mixtures of alcohols, 
amines, ketones, phenols and haloalkanes have been used. 
(b)Inorganic Solvents: Being non-toxic and non-volatile, solvent systems 
of this group have been widely used in TLC of inorganics and 
organometallics. This group includes the solution of mineral acids, 
alkalis, inorganic salts prepared in double distilled water or water-
methanol mixture. 
(c) Mixed Solvents: Mixtures of two or more different solvents, most of 
which have either a base (NaOH, NH4OH and amine) or an acid (mineral 
or carboxylic) as a component, are used to develop the TLC plate. 
(d) Surfactant-mediated Solvents: Solutions of surfactants (SDS, CTAB or 
Triton X-100) have also been used but to a lesser extent as mobile phase 
in TLC. 
The traditional mobile phase systems as mentioned above (a-c) have been 
widely used in TLC analysis of organic as well as inorganic substances. 
However, the use of surfactant-mediated mobile phase systems in TLC is of 
recent origin. These systems, though, have found extensive use in HPTLC, 
there use in TLC has been limited. 
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1.7 Visualization 
Physical, chemical, enzymatic or biological detection methods are 
commonly used in TLC. A book by Jork et al. [17] is an excellent source of 
general information about physical and chemical methods of detection. 
Physical method of detection involves the use of spectroscopy or 
autoradiography. X-ray fluorescence microanalysis with a scanning 
coUimated primary X-ray beam, UV radiation etc. Among the physical 
methods, visualization under UV-light is most common. The chemical 
detection methods involve the spraying of plates with a suitable reagent, 
which forms coloured compounds with the separated species. However, 
reagents giving sufficiently sensitive colour reactions with several species 
are generally preferred. The biological detection methods (bio-autography) 
are useful for specific detection of compounds with certain physiological 
activity. 
1.8 QUALITATIVE ANALYSIS 
(a) Identification: In TLC, the identification of separated compounds is 
primarily based on their mobility in a suitable solvent, which is described by 
the Rp value of each compound, where 
Distance of solute motion from the origin 
Rp= 
Distance of solvent motion from the origin 
The factors which influence the magnitude of Rp are nature of sorbent and 
mobile phases, layer thickness, activation temperature, sample volume, 
chamber saturation, relative humidity and mode of development technique. 
(b) Separation: When two or more analytes have differential migration with 
the same chromatographic system, they are mixed thoroughly the mixture is 
spotted on the TLC plate and chromatographed. The separated components 
of mixture are detected and their Rp values are recorded. Some of the basic 
requirements for a good separation are 
(a) Each spot should be compact (RL-RT<0.3) 
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(b)The difference in RF values of two adjacent spots should be atleast 0.1. 
(c) No complexation should occur between/among separable species. 
(d) Chromatography of individuals and the mixture should be performed 
under identical experimental conditions. 
1.9 QUANTITATIVE ANALYSIS 
The three main approaches related to quantitation TLC include visual 
estimation and spot size measurement, zone elution and in-situ densitometry. 
Visual Estimation and Spot- Size Measurements 
This is the simplest method of semi quantitative analysis. TLC plates with a 
definite sample aliquot along side standards containing known weights of 
analyte are simultaneously developed. After detection, the weight of analyte 
in the sample is estimated by visual comparison of the size and intensity of 
the standards and sample zones. 
Zone Elution: In this case, quantitation is performed after scraping off the 
separated analyte zone, collection of the sorbent and recovery of the 
substance by elution ft"om the sorbent. Thereafter, the eluates are analyzed by 
applying any current method of microanalysis, such as electro analytical, 
Gas Chromatography (GC), spectrophotometery, titrimetry etc. 
In-situ Method: In-situ densitometry is a preferred technique for 
quantitative TLC involving the measurement of visible or ultra violet 
absorbance, fluorescence or fluorescence quenching directly on the layer. 
The measurements are made either by transmission through the plates, by 
reflection fi-om the plate, or by reflection and transmission simultaneously 
using either single beam, double beam or single beam dual wavelength 
operation of scanning instruments. 
1.10 ADVANTAGES OF TLC 
TLC is the most versatile and flexible chromatographic method (i) It is rapid 
because precoated layers are available for use as received, without 
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preparation (ii) It has highest sample through out because upto 30 individual 
samples and standards can be applied to a single plate and separated at the 
same time (iii) The automated sample applications and developers allow 
high accuracy and precision in quantification (iv) There is a wide choice of 
layers, developers and detection methods (v) The wide choice of detection 
reagents leads to unsurpassed specificity, (vi) Less pure samples can be 
specifically analyzed, as the layers are normally not reused, (vii) Being an 
"off-line" method, different steps of the procedure are carried out 
independently, (viii) TLC has distinct advantages over HPLC eg. greater 
detection possibilities, more rapid throughput, use of disposable plate, easier 
sample preparation, low solvent consumption and lower operational cost, 
(ix) Modem TLC can be complementary to HPLC. It allows the processing 
of many samples in parallel, providing low cost analysis of simple mixtures 
for which the sample work load is high, (x) The TLC plate act as "storage 
detectors" of the analyte if they are saved. 
L l l Soil 
The term soil is derived form the Latin word 'Solum' which means floor. For 
a layman or an urban bred, soil is the dirt or debris on the surface of the earth 
or an inert uniform brown coloured material in which plants find their foot 
hold. To an agriculturalist soil is a natural medium for plant growth. 
According to Jenny (1941), soil is a naturally occurring body that has been 
evolved owing to combined influence of climate and organisms, acting on 
parent material, as conditioned by relief over a period of time. 
According to the glossary of soil (Soil Science Society of America, 1970) 
"soil" is 
(1) The unconsolidated mineral material on the immediate surface of the earth that 
serves as a natural medium for the growth of land plants. 
(2) The unconsolidated mineral matter on the surface of the earth that has been 
subjected to and influenced by genetic and environmental factors of parent 
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material, climate (including temperature and moisture effects, macro-and micro-
organisms and topography, all acting over a period of time and reducing a 
product, that is soil, that differs from the material from which it is derived in many 
physical, chemical, biological and morphological properties and characteristics. 
The soil is the key component of terrestrial ecosystem and is essential for the 
growth of plants as well as for recycling of dead biomass. It is a complex 
heterogeneous medium consisting of minerals, organic solids and aqueous as 
well as gaseous components. The minerals presents are usually rock 
fragments and secondary minerals (phyllosilicates or clay minerals), oxides of 
Fe, Al and Mn and sometimes carbonates (usually CaCOs). The term 'oxides' 
include all forms of oxides including hydrous oxides and oxyhydroxides. The 
organic matter comprises living organisms (mesofauna and micro organisms), 
dead plant material (litter) and colloidal humus formed by the action of 
microorganisms on plant litter. 
The soil is dynamic system, subject to short-time fluctuations, such as 
variations in moisture status, pH and redox conditions and also undergoing 
gradual alternations in response to changes in management and environmental 
factors. These changes in soil properties affect the form and bioavailability of 
metals. 
Composition of Soil 
The four major components of soil are air, water, mineral matter and organic 
matter. The relative proportions of these four components greatly influence 
the behaviour and productivity of soil. In a soil, these four components are 
mixed in a complex pattern; however, the proportion of soil volume occupied 
by each component can be represented as shown in Fig. 3. The figure shows 
the approximate proportions (by volume) of the components present in a 
surface soil in good condition for plant growth. Only about half of the soil 
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volume consists of soil material (mineral or organic); the other half consists 
of pore spaces filled with air or water. 
The proportion of various soil components may vary from time to time and 
from place to place. The inorganic (mineral) material is relatively permanent, 
but the organic material may vary depending upon the location of the site 
from where the soil sample has been collected. The volume of water and air in 
soils fluctuate on the basis of particle size, porosity, humidity, temperature of 
the soil environment etc. 
Soil 
Solid 
Constituents (50%) 
Liquid 
Constituents (25%) 
Inorganic (~ 45%) 
Sand Silt Clay 
Humic group 
Kaolinite Montmbrillonite 
(1:1 silicate clays) (expanding 2:1 
silicate clays) 
Non-expanding 
(2:1 silicate clay) 
lUite 
Gaseous 
Constituents (25%) 
Organic ( - 2 5 % ) 
Humus 
Non-humic group 
Fulvic acid Humic acid Humin 
Amorphous 
clays 
Chlorite 
Fig. 3 . Approximate Compositions of Surface Soil 
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Physio-Chemical Properties of Soil 
The knowledge of physico-chemical properties of soil is important in 
understanding soil behaviour. Soil scientists use texture, soil pH, electrical 
conductivity, colour, cation exchange capacity and other physico-chemical 
properties of soil horizons in classifying soil profiles and in making 
determinations about soil suitability for agricultural and environmental 
projects. 
Soil colour 
Soil displays a wide range of colour which includes red, brown, yellow, 
black, dull grey, white or even green. Soil colour varies from place to place 
in the landscape, as when adjacent soils have different surfaces horizon 
colours. Colours also typically change with depth through the various layers 
within a soil profile. 
Thee major factors have the greatest influence on the colour of a soil: 
(i) its organic matter content 
(ii) its water content 
(iii)the presence and oxidation states of iron and manganese oxides. 
Soil colour has little effect on the behaviour and use of soil. However, it 
provides valuable clues to the nature of other soil properties and conditions. 
Soil texture 
The first information required about a soil is its mechanical composition. 
The mechanical composition or texture means the particle of various sizes 
such as gravel, sand, silt and clay in soils. Knowledge of the proportion of 
different sized particles in a soil is necessary for understanding the soil 
behaviour. Soil texture and structure help determine the ability of the soil to 
hold and conduct the water and air necessary for sustaining life. The particle 
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size distribution in soil has its impact on the water holding capacity of soil. It 
also influences the strength and compressibility of soils. The success of any 
mechanical analysis primarily depends upon the preparation of sample to 
ensure complete dispersion of all aggregates into their individual particles 
without breaking up the particles, and secondarily upon the accurate 
fractionation of the sample into various fractions. 
Soil pH 
The soil pH is an approximate measure of an active traction of hydrogen ions 
present in the soil phase. The pH of the soil applies to the H (ions) 
concentration in the solution present in soil pores. 
The degree of soil acidity or alkalinity, expressed as soil pH, is a master 
variable that affects a wide range of soil properties - chemical, biological and 
indirectly, even physical. This chemical variable greatly influences the 
availability for root uptake of many elements, including both nutrients and 
toxins. 
Among the ways that pH level affects soil physical properties in its influence 
on the dispersion of clays and the formation and stabilization of aggregate 
structure. High degree of acidity effectively stabilize large soil aggregates at 
very high pH levels, the reverse may occur with a dispersed, structureless 
condition prevailing. 
Many complex factors affect soil pH , but none more than two simple 
balances: the balance between acid and non acid cations on colloid surfaces 
and the balance between H and OH" ions in the soil water. These balances, 
in turn, are largely controlled by the nature of the soil colloids, their charged 
surfaces, and the compliment of exchangeable cations they attract. Soil pHis 
also affected by the changes in redox potential which occur in soils that 
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become water logged periodically. Soil have several mechanisms which 
serve to buffer pH to varying extents, including hydroxyl, aluminium ions, 
carbon dioxide, carbonates and cation exchange reactions. However, even 
with these buffering mechanisms, soil pH differs significantly due to 
localized variations within the soil. 
Electrical Conductivity 
Pure water is a poor conductor of electricity, but conductivity increases as 
more and more salt is dissolved in the water. Thus, the electrical 
conductivity (EC) of the soil solution gives us an indirect measurement of 
the salt content. The EC can be measured both on samples of soil or on the 
bulk soil in situ. It is expressed in terms of decisiemens per meter (ds/m). 
The salinity is due to the presence of nickel and Na2S04 as soluble salts in 
soil. 
Cation Exchange 
Most heavy metals (with certain exceptions, including the metalloids As, Sb 
and Se and the non-metals Mo and V) exist mainly as cations in soil 
solution, and their absorption therefore depends on the density of negative 
charges on the surfaces of the soil colloids. Inorder to maintain 
electroneutrality, the surface negative charge is balanced by an equal 
quantity of cations. Ion exchange refers to the exchange between the counter 
ions balancing the surface charge on the colloids and the ions in the soil 
solution. It hast the following characteristics: Ion-exchange is reversible, 
diffusion controlled and stoichiometric process which involves the 
preference for one ion over another by the adsorbent. The cation exchange 
capacity (CEC) of mineral soils can range from a few to 60 C mols/Kg but in 
organic soil it may exceed 200 C mols/Kg. 
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1.12. Soil TLC 
In 1968, Helling and Turner coupled favorable features of TLC and soil and 
developed a new technique known as "Soil thin-layer Chromatography" and 
successfully utilized for the monitoring of pesticides movement using 
different types of soil as static phase. Many other workers had also utilized 
soil TLC for the investigation of the mobility of various pesticides, trace 
elements, heavy metal cations and amino acids. 
The movement of substances or their separations in TLC can be effected by 
altering the conditions of the static phase (soil) of diverse nature, developer 
and applied substances.Thus, soil provides a very fascinating field of 
research which can be utilized for investigating problems in various applied 
and non applied fields. 
1.13. Literature 
The research work performed on TLC analysis of organic and inorganic 
substances has been well documented in the form of several reviews, 
monographs, books and articles [23-33]. CRC Handbook of chromatography 
series in 1972 under the joint editorship of G. Zweig and J. Sherma, and 
continued since 1991 by the latter and the Handbook of Thin Layer 
Chromatography published in 1992, 1996 and 2003 under the editorship of 
B. Fried and J. Sherma have covered nicely the literature of TLC. Further, 
the latest work carried out on TLC is continiously being reviewed biennially 
in the Fundamental Reviews of Analytical Chemistry by J. Sherma. The last 
review of this series has appeared recently [34]. The work published on TLC 
of pesticides, metal ions and surfactants during the last 15 years has been 
presented briefly in Tables 1.3, 1.4 and 1.5 
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Ctiapter - 2 
Thin Layer 
Cfvromatograpfiy of 
Pesticides, MetaClons and 
Surfactants 
2.1 INTRODUCTION 
Flat bed or planar chromatography has been considered as one of the simplest 
analytical technique with general efficiency for the separation of organic and 
inorganic substances [1-6]. The convenience and cost effectiveness of thin-
layer chromatography (TLC) have resulted in its wide range of applicability in 
separation and identification of agrochemicals [7-13] including pesticides, 
metal ions and surfactants. In fact TLC and HPTLC techniques complement 
the other more sensitive and precise primary methods (eg GLC, HPLC, SFC 
and capillary electrophoresis) used for the analysis of agrochemicals. 
Soil provides us a place to live and is a reservoir of minerals but with 
accelerating growth of world's population and rapid urbanization tremendous 
pressure has been created on it. Insecticides, herbicides and health protection 
are very potent pollutants having long range effects and their indiscriminate 
use poses a serious danger to structure and function of the ecosystems. 
Pesticides while eliminating the beneficial insects may cause ecological 
inbalance. At the same time they are phytotoxic and destroy useful plants. 
They enter the food chain causing toxicity to human beings, animals and other 
creatures. Many books [14-19] and reviews [20-22] have been published on 
this subject as a warning of potential hazards. 
The major source of metal pollution is the disposal of industrial wastes 
emenating from metal furnishing (electroplating, metal polishing, metal 
cleaning etc.) industrial process into the water bodies. Metal pollutants from 
electroplating operations can find their environmental pathways through air, 
food, soil and water into plant and animal tissues. Metals tend to get adsorbed 
easily on surface soils and sediments. Metals in the waste water may be 
present in the form of metal ions, metal complexes and pure metal 
particulates. 
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The analysis of surfactants has assumed importance because of their industrial, 
commercial and medicinal uses. Surfactants being amphiphilic substance due 
to the presence of polar and non polar moieties in the same molecule have a 
broad range applications as cleaning, wetting and emulsifying agents in a 
variety of industrial and domestic situation. Several analytical techniques have 
been utilized for quantitative determination of surfactants in different 
formulations. 
Most of the reported TLC methods for the analysis of agrochemicals involve 
the use of mixed organic solvent systems containing benzene, hexane, 
chloroform, acetonitrile, ethylacetate or dichloromethane as one of the 
components, of the layer materials examined, silica gel and alumina have been 
the most favoured. A few studies have also been reported [7] on the use of 
barium and calcium sulphate, calcium carbonate and phosphate, soil, cellulose, 
Ci8 bonded silica gel as layer material to examine the mobility pattern of 
pesticides. Investigations [23-27] regarding pesticides metabolism in soil and 
plants, uptake of pesticides by plants from soil and pesticides migration in soil 
by TLC indicate that soil TLC has much to offer to the chemists interested in 
examining the uptake, translocation and degradation of pesticides in the 
environment. 
A new concept of qualitative analysis by soil TLC was developed by Helling 
and Turner in 1968 [28]. Their method was utilized by several workers to 
examine the mobility pattern of pesticides [29-32] and heavy metals [33-38] in 
various types of soils. An interesting study on mobility of cadmium on twenty-
two soil layers of different nature has been reported by M- Sanchez Camazano 
and M. J. Sanchez-Martin [39]. Their results clearly demonstrate the 
significant influence of the soil properties on the mobility of cadmium. 
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As usual practice, silica gel has been frequently used as stationary phase for 
the separation of pesticides, metal ions and surfactants followed by the use of 
alumina, kieselguhr, cellulose and other adsorbents. TLC methods reported so 
for investigating the mobility of agrochemicals in soil did not consider much 
the effect of silica in soil bed. 
In view, of the above fact, it was considered worthwhile to examine the 
mobility of agrochemicals (pesticides, heavy metal ions and surfactants) 
through static planar soil bed amended with silica in different ratios and using 
appropriate mobile phases. The results of this study may be of immense utility 
to understand the mobility or leachability of agrochemicals through pure and 
soil amended layers. The mobility or leachability of such agrochemicals 
through the soil bed has tremendous influence on the life process of plants. 
2.2 EXPERIMENTAL 
All experiments were performed at 30 ± 5 °C. 
Apparatus 
A thin layer chromatography applicator (Toshniwal, India), 20 x 3.5 cm glass 
plates and 24 x 6 cm glass jars were used. 
Reagents 
Silica gel G (Merck, India), tetradecyl trimethyl ammonium bromide (Merck, 
India), cetyl pyridinium chloride, N-cetyl-N, N, N-trimethyl ammonium 
bromide, Cween 20, Cween 40, Cween 60 (CDH, India), hexadecyl trimethyl 
ammonium bromide, Brij 58, Brij 78 (Aldrich, Germany), Brij 35, Tween 20 
(LOBAS Chemie), Triton-X 100 (Rohm & Haas Company), methyl parathion, 
malathion, dichlorovos, dimethoate, chloropyrifos, ziram (Bayer, India). All 
other reagents (sodium chloride, dimethyl sulfoxide, acetone etc.) used were 
also of Analytical Reagent grade. 
Agrochemicals Studied 
Surfactants 
97 
Triton-XlOO (TX-lOO), Brij 35 (BJ-35), Brij 57 (BJ-57), Brij 78 (BJ-78), Brij 
98 (BJ-98), Tween 20 (TW-20), Cween 20 (CW-20), Cween 40 (CW-40), 
Cween 60 (CW-60), cetyl pyridinium chloride (CPC), cetyl trimethyl 
ammonium bromide (CTAB), tetradecyl trimethyl ammonium bromide 
(TTAB), hexadecyl trimethyl ammonium chloride (HDTAC), dodecyl 
trimethyl ammonium bromide (DTAB). 
Pesticides 
Methyl parathion (MLPN), malathion (MLN), dichlorovos (DCVS), 
dimethoate (DMT), chloropyrifos (CLPS), ziram (ZRM) (See Table 2.1). 
Metal Ions 
Zn^\ Cd^^ Ni^^ Co'\ Uo'\ Cu'^ Mn^^ Fe'^ Fe^^ Cv'\ Cv'\ 
Test Solutions 
All test solutions of surfactants and pesticides were prepared in methanol. 
Ziram was prepared in distilled water. 
1% standard solutions of the chloride, nitrate, or sulphate salts of the above 
mentioned metal ions were used. 
Soil Sample 
We used one sample (Si) of natural, uncultivated soil that was collected from 
the soil surface horizon (0-20 cm deep) at Fort in the district of Aligarh 
(India). 
Detectors 
(a) For Surfactants 
Dragendorff reagent and iodine vapours were used to detect all the 
surfactants. 
Preparation of Dragendorff Reagent: 
It was prepared by mixing two solutions A and B. 
Solution A: It was prepared by adding two solutions. 
(i) Solution of bismuth subnitrate (BiON03.H20; 1.7g) dissolved in acetic 
acid (20ml) and diluted to 100ml with water. 
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(ii) Solution of potassium iodide (65g) in water (200ml). 
Both solutions were transferred into IL flask and acetic acid (200ml) was 
added. The contents were diluted to one liter with water. 
Soiution B: It was prepared by dissolving barium chloride dehydrate 
(BaCl2.2H20; 290g) in water (IL). 
Solution A and B were mixed in the ratio 2:1. 
(b)For Metal Ions 
• Zn^^ and Cd^^ were detected with a solution of 0.5% dithizone in carbon 
tetrachloride. 
• Ni^^ and Co^^ were detected with 1% solution of alcoholic 
dimethylglyoxime. 
• Cu^^ and Mo^^ were detected with haemotoxylin solution. 
• Mn^^ was detected with 2M aqueous NaOH in 30% H2O2 in 1:1 
(vol./vol.) 
• Fe'^ ^ and Fe^^ were detected with 1% potassium ferrocyanide. 
• Cr^ "" and Cr^ ^ were detected with saturated solution of AgNOs in 
methanol. 
(c) For Pesticides 
Iodine vapours were used to detect all the pesticides except one i.e. ziram. 
Ziram was detected by PAN indicator. 
Stationary Phase 
The stationary phases used for different analytes are listed in Tables 2.2 (for 
surfactants), 2.3 (for metal ions) and 2.4 (for pesticides). 
Mobile Phase 
The mobile phases used for different analytes are listed in Tables 2.5 (for 
surfactants), 2.6 (for metal ions) and 2.7 (for pesticides). 
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Table 2.1 lUPAC name, chemical formula and solubility data in water of 
pesticides used in the present study 
Commercial 
name and 
abbreviation 
used 
Chloropyrifos 
(CLPS) 
Dichlorovos 
(DCVS) 
Dimethoate 
(DMT) 
Malathion 
(MLN) 
Methyl parathion 
(MLPN) 
Ziram (ZRM) 
lUPAC name 
0, o-diethyl o-3, 5, 6-
trichloro-2-pyridyl 
phosphorothioate 
2,2-dichlorovinyl 
dimethyl phosphate 
o, o-dimethyl S-
methyl 
carbomoylmethyl 
phosphorodithioate 
0, o-dimethyl 
phosphorodithioate 
0, o-dimethyl o-4-
nitrophenyl 
phosphorothionate 
zinc 
dimethyldithiocarbama 
te 
Chemical formula 
CpHiiCoNosPS 
C4H7CI12O4P 
C5H,2N03PS2 
C10H19O6PS2 
CgHioNOsPS 
C6Hi2N2S4Zn 
Solubility in 
water 
(mg/L, 25 °C) 
ca.2.0 
1 
1 
! 
ca.lOxlO' 
25 X 10' 
1 
145.0 j 
I 
1 
55-60 1 
65.0 
Data taken from: The agrochemicals handbook (Doughlas Hastley and 
Hamish Kidd eds.), 2""* edition, royal society of chemistry (England) 1987. 
100 
Table 2.2 The stationary phases used for surfactants 
Code Components 
Single component stationary phases 
s, 
S2 
Soil 
Silica gel 
Mixed stationary phases 
S3 
S4 
S5 
S6 
S7 
Ss 
S9 
Sio 
Sn 
S, + S2(9:l) 
S, + S2(8:2) 
S, + S2(7:3) 
Si + S2(6:4) 
S, + S2(5:5) 
S, + S2(4:6) 
S, + S2(3:7) 
Si+ 82(2:8) 
S, + S2(l:9) 
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Table 2.3 The stationary phases used for metal ions. 
Code Components 
Single component stationary phases 
Si 
S2 
Soil 
Silica gel 
Mixed stationary phases 
S3' 
S4' 
S5 
S6 
S7 
Sg 
S9 
Sio 
s„ 
S12 
S,3 
Si4 
Sl5 
S16 
Sl7 
S18 
Si9 
S20 
Si impregnated with 1 x 10"^  M 
Si impregnated with 1 x 10'^  M 
Si impregnated with 1 x 10" M 
Si impregnated with 1x10 ' M 
Si impregnated with 1 x lO"'^  M 
Si impregnated with 1 x lO"'* M 
S2 impregnated with 1x10" M 
S2 impregnated with 1x10 ' M 
S2 impregnated with 1x10" M 
S2 impregnated with 1 x 10"^  M 
S2 impregnated with 1x10" M 
S2 impregnated with 1 x 10"* M 
Si + S2(2:8) impregnated with 1 x 10"^  M 
Si + S2 (2:8) impregnated with 1 x 10"^  M 
Si + S2 (2:8) impregnated with 1 x 10"^  M 
Si + 82(2:8) impregnated with 1 x 10"^  M 
Si + S2 (2:8) impregnated with 1 x 10"^  M 
Si + 82(2:8) impregnated with 1 x lO""^  M 
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Table 2.4 Stationary phases used for pesticides. 
Code Components 
Single component stationary phase 
s, 
S2 
Soil 
Silica gel 
Mixed stationary phase 
S"3 
S"4 
S"5 
S"6 
S"7 
S"8 
S"9 
S 10 
S"n 
S",2 
S",3 
S 14 
S"l5 
S 16 
S"l7 
S 18 
S 19 
S 20 
Si impregnated with 5% aq. sol. of Zn 
Si impregnated with 5% aq. sol. of Cu 
Si impregnated with 5% aq. sol. of Cd 
S2 impregnated with 5% aq. sol. of Zn 
S2 impregnated with 5% aq. sol. of Cu 
S2 impregnated with 5% aq. sol. of Cd^ "^  
S] + 82(8:2) impregnated with 5% aq. sol. of Zn^ "^  
Si + 82(8:2) impregnated with 5% aq. sol. of Cu^ ^ 
Si + 82(8:2) impregnated with 5% aq. sol. of Cd^^  
Si + 82 (6:4) impregnated with 5% aq. sol. of Zn^^ 
Si + 82 (6:4) impregnated with 5% aq. sol. of Cu^ "" 
Si + 82 (6:4) impregnated with 5% aq. sol. of Cd^^  
81 + 82 (4:6) impregnated with 5% aq. sol. of Zn^^ 
8, + 82 (4:6) impregnated with 5% aq. sol. of Cu^^  
Si + 82 (4:6) impregnated with 5% aq. sol. of Cd^^  
Si + 82 (2:8) impregnated with 5% aq. sol. of Zn^^ 
Si + 82 (2:8) impregnated with 5% aq. sol. of Cu^ ^ 
81 + 82 (2:8) impregnated with 5% aq. sol. of Cd^^  
Table 2.5 Mobile phases used for surfactants 
Code Components 
Single component mobile phases 
M, Acetone 
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M2 Demineraiized water (DMW) 
Mixed mobile phases 
M3 
M4 
M5 
. M6 
M7 
Ms 
M9 
M,o 
Mu 
M,2 
M,3 
M,4 
Mi5 
M,+M2(9:1) 
Mi + M2(8:2) 
M,+ M2(7:3) 
M,+ M2(6:4) 
Mi+M2(5:5) 
M,+M2(4:6) 
M,+M2(3:7) 
M,+M2(2:8) 
M,+M2(l:9) 
Mi + M2+DMS0(1:1:1) 
M, + M2 + DMSO (2:1:1) 
Ml+ M2+DMSO (1:2:1) 
Ml+ M2 + DMSO (1:1:2) 
Table 2.6 Mobile phases used for metal ions 
Code Components 
Single component mobile phases 
M'l 
M'2 
Demineraiized water (DMW) 
1% aqueous solution of NaCl 
Table 2.7 Mobile phases used for pesticides 
Code Components 
Single component mobile phase 
M", 
M"2 
M"3 
M"4 
Acetone 
0.5% aqueous NaCl 
1% aqueous NaCl 
5% aqueous NaCl 
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M"5 10% aqueous NaCl 
Mixed mobile phases 
M"6 
M"7 
M"8 
M,+M3(1:1) 
Mi + M3(3:7) 
M, + M3 (7:3) 
PREPARATION OF TLC PLATES 
Plain Thin-Layer Plates 
TLC Plates were prepared by mixing silica gel G with double distilled water in 
a 1:3 ratio. The resultant slurry was mechanically shaken for 5 minutes and 
then it was coated onto glass plates with the help of a TLC applicator to give a 
layer of 0.25 mm thickness. The plates were first air dried at room temperature 
and then activated by heating at 100 ± 5 °C for 1 h. After activation the plates 
were kept in air tight chamber at room temperature until used. 
Soil Thin-Layer Plates 
To prepare soil TLC plates, soil sample was slurried mechanically for 5 
minutes after mixing with double distilled water in a 1:3 ratio. The resultant 
homogenous slurry was spread onto 20 x 3.5 cm glass plates as 0.25 mm thick 
layer. The plates were air dried at room temperature (30 °C) and stored in a air 
tight chamber at room temperature until used. 
Mixed Soil TLC Plates 
Soil mixed with silica gel G in different ratios (1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 
8:2, 9:1) by weight were slurried with double distilled water in a 1:3 ratio by 
shaking for 5 minutes. Using this slurry, thin layers were prepared under the 
same experimental conditions as described above for plain thin-layer plates. 
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Impregnated Thin-Layer Plates 
TLC plates were prepared by mixing soil or silica or soil + silica ratio with the 
solution with which the impregnation has to be done (SDS, CTAB and TX-
100 in concentrations above and below their CMC values; 5% aqueous 
solution of copper sulphate, cadmium nitrate and zinc sulphate) in 1:3 ratio 
and following the same procedure as described above for plain thin-layer 
plates. 
Procedure 
About 0.01 ml or 10 jil of test solutions were spotted by means of 
micropipette about 2.0 cm above the lower edge of the TLC plates. The spots 
were allowed to dry at room temperature (30 °C). Desired mobile phase was 
taken in the glass jars and were covered with a lid for about 10 minutes so that 
the glass jars would get presaturated with mobile phase vapours. Plates were 
introduced in the jars for the development by ascending technique. 
Development distance was fixed to 10 cm in all cases. After development the 
plates were withdrawn from glass jars and dried at room temperature. The 
spots were detected by using appropriate detectors. The RL (RF of leading 
front) and Rj (RF of trailing front) values for each spot were determined and 
the Rp value was calculated as-
p = RL + R-T 
2 
For the separation equal volumes of components to be separated were mixed 
and lOjLil of the resultant mixture was spotted on the activated TLC plate 
which was then dried in air. The plates were developed to a distance of 10 cm, 
the spots were detected and the separated components were identified on the 
basis of RF values. 
To study the effect of mobile phase on the separation of various components 
in a mixture, the separation was carried out by varying mobile phase while 
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keeping the stationary phase constant. To investigate the effect of nature of 
stationary phase the mixture was separated on different one component and 
two component adsorbents keeping mobile phase constant. 
For examining the effect of impurities, one drop (5|il) of each the analyte and 
the impurity solution was spotted successively at the same spot on the line of 
application of TLC plate. The spot was completely dried after each spotting. 
After final drying, TLC plate was developed with appropriate mobile phase 
and the Rp values of the resolved spots were determined. 
The limit of detection of agrochemicals was determined by spotting different 
amounts of analyte on the TLC plates, developing the plates and detecting the 
spot. The method was repeated with successive lowering of the amount of 
analyte until no spot was detected. The minimum amount detectable on the 
TLC plates was taken as the limit of detection. 
2.2 RESULTS AND DISCUSSION 
The chromatography of surfactants, metal cations and pesticides was 
performed on different stationary phases using various aqueous mixed-organic 
solvent systems. The results of entire study have been presented in eighteen 
Tables (2.8-2.25). 
Chromatography of Surfactants: 
The mobility pattern of fourteen surfactants (cationic and non ionic) through 
eleven stationary phases (soil, silica gel and mixed silica-soil) was evaluated 
using about fifteen mobile phase systems as listed in Table 2.5 
Amongst mobile phases investigated, DMW-Acetone-DMSO systems were 
found favourable in terms of spot compactness and differential migration of 
surfactants. 
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The results obtained have been tabulated in Table 2.8 - 2.11. the results reveal 
the following facts: 
1. Detection of surfactants on pure soil bed (Si) and soil plus silica, 9:1 (S2) 
was difficult. 
2. Soil added with increasing concentration of silica performs well in terms of 
clarity in detection and enhancement in mobility. 
3. Non-ionic surfactants show higher mobility (Rp range 0.75 - 0.98) 
compared to the mobility of cationic surfactants (Rp range < 0.3). 
4. Tween and Cween produce double spots on certain stationary phases. 
5. The mobile phase comprising of Acetone + DWM + DMSO on 1:1:1 
volume ratio (Mi2) was selected for further studies. 
Thus, nonionic surfactants can be selectively separated from cationic 
surfactants. The important separations are listed in Table 2.12. 
In order to enhance practical utility of separation, the separation of CPC from 
the mixture of several nonionic surfactants and the separation of TX-lOO from 
the mixture of cationic surfactants was investigated in the presence of foreign 
substances (inorganic cations, anionic species, amines and organic dyes). The 
results are presented in Table 2.13. All the mixtures are well resolved. 
The lowest possible amount of surfactants detectable on S9 (soil + silica, 2:8) 
was microgram level (Table 2.14). Thus, the proposed method can be applied 
for sensitive detection and selective separation of cationic and nonionic 
surfactants on soil containing silica phases. 
Chromatography of Metal Ions: 
The mobility pattern of eleven heavy metal cations on twenty different 
stationary phases (soil, silica gel, mixed silica - soil with and without 
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impregnation) was done using two mobile phases listed in Table 2.6. For 
impregnation, cationic (CTAB), anionic (SDS) and non-ionic (TX-lOO) 
surfactants were used keeping the concentration levels above CMC and below 
CMC values. 
Compared to DMW (Mi'), 1% aq. NaCl solution (M2') was found more useful 
in terms of spot detection and differential migration. 
In order to understand the migration pattern of heavy metal cations through 
soil containing silica gel in the presence of surfactants, the stationary phases 
(soil, silica and soil plus silica) were impregnated with various types of 
surfactants (cationic, anionic and non anionic) in a wider concentration range 
(above and below CMC values). The chromatography of metal cations on 
impregnated phases was performed using DMW and 1% aq. NaCl as mobile 
phases. The results are presented in Tables 2.15 - 2.17. From the data, 
following trends are noticeable: 
1. Except Mo , all metals cations were neatly detected on pure soil bed (Sj). 
All metals cations give poor mobility on S] (Rp ~ 0.00 - 1.00) with the 
6+ 
exception of Cr which migrates to higher distances (Rp ~ 0.80 - 0.93) 
through soil bed. 
2. Detection of all the metal cations was very clear on silica or impregnated 
silica layers (S2, S9, SIO, S l l , S12, S13, S14). 
3. Except Cr , all metal ions are strongly retained on soil compared to other 
ststionary phases. 
2+ 2+ ^+ ^+ 
4. Zn , Fe , Fe and Cr remain near the point of application in all cases. 
5. Slight decrease in mobility of all metal cations was observed when soil plus 
silica, 2:8 (S15, SI6, SI7, SI8, SI9, S20) was used as stationary phase instead 
of silica. 
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Binary as well as ternary separations are possible on both silica as well as soil 
plus silica bed. The important separations are listed in Table 2.18. All 
separations were also performed in presence of interfering species (organic 
dyes) to examine their effect on separation. All the mixtures are well resolved 
in the presence of organic dyes. 
Chromatography of Pesticides: 
The mobility trend of six pesticides through twenty stationary phases (soil, 
silica gel and mixed silica soil - with and without impregnation) was evaluated 
using about eight mobile systems as given in Table 2.7. For impregnation 5% 
aq. salt solution of Cu, Zn and Cd were used. 
Amongst the mobile phases investigated, acetone + aq. NaCl systems (Me", 
M7", Ms") were found favourable in terms of spot compactness, detection and 
differential migration of pesticides. 
The results obtained have been tabulated in Table 2.21 - 2.24. The results 
reveal the following facts: 
1. Except ziram, other pesticides were clearly detected on pure soil bed (Si). 
Methyl parathion, malathion and dichlorovos show tailed spots (Rp > 0.3). 
Chloropyrifos gives zero mobility on soil. 
2. All the six pesticides were clearly detected when pure silica (S2) was used 
as stationary phase. Higher mobility for pesticides on silica was observed as 
compared to their mobility on soil. Chloropyrifos was found to remain close to 
the point of application on silica and soil layers. 
3. Though ziram was easily detected on pure silica but it could not be on metal 
ion (Cu, Zn and Cd) impregnated plates. 
4. Detection of spots on Cd impregnated TLC layers was found somewhat 
difficult as compared to Cu and Zn impregnated layers. 
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5. Soil added with increasing concentration of silica performs well in terms of 
clarity of detection and enhancement in mobility. 
6. Soil plus silica, 8:2 (Se", S7", Sg") as stationary phase and acetone + 1% aq. 
NaCl sol. (1:1, vol. / vol.) as mobile phase were chosen for further studies. 
Many binary separations are possible. The important separations are listed in 
Table 2.25. 
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Table 2.12 Experimentally achieved separations of surfactants on soil mixed 
with silica gel layer (S9) developed with mobile phase acetone + DMW + 
DMSO (1:1:1 M12) 
Mixture of Surfactant 
BJ-35 + CTAB 
BJ-35+HDTAC 
BJ-57 + TTAB 
BJ-57 + DTAB 
BJ-78 + DTAB 
BJ-78 + HDTAC 
BJ-98 + CTAB 
TX-100 + CPC 
TX-100 + DTAB 
Mix' + CPC 
Mix'+ CTAB 
Mix' + TTAB 
Mix'+ HDTAC 
Mix' + DTAB 
Mix^ + TX-100 
Mix" + BJ-35 
Mix" + BJ-57 
Mix" + BJ-78 
Mix" + BJ-98 
Separation (Rp values) 
BJ-35 (0.97)-CTAB (0.16) 
BJ-35 (0.96) - HDTAC (0.11) 
BJ-57 (0.78) -TTAB (0.17) 
BJ-57 (0.79) - DTAB (0.17) 
BJ-78 (0.82) - DTAB (0.26) 
BJ-78 ( 0.83) - HDTAC (0.09) 
BJ-98 (0.83)- CTAB (0.12) 
TX-lOO (0.94)-CPC (0.15) 
TX-lOO (0.94) - DTAB (0.23) 
Mix' (0.87) - CPC (0.11) 
Mix' (0.88)- CTAB (0.12) 
Mix' (0.90) -TTAB (0.17) 
Mix' (0.90) - HDTAC (0.08) 
Mix' (0.88)-DTAB (0.19) 
Mix" (0.16, T) TX-lOO (0.89) 
Mix" (0.17, T)-BJ-35 (0.97) 
Mix" (0.15)-BJ-57 (0.77) 
Mix" (0.17, T)-BJ-78 (0.90) 
Mix" (0.18, T)-BJ-98 (0.86) 
BJ-98) 
Mix" - Mixture of five cationic surfactants (CPC + CTAB + TTAB + HDTAC + 
DTAB) 
T - Tailed spot (RL - RT > 0.3) 
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Table 2.13 Effect of foreign species on the separation efficiency of 
surfactants 
Interfering species 
Metal Cations 
Tl^" 
Th'^ 
Zn^^ 
Cu^^ 
H g " 
Pb^" 
Anions 
SO4'" 
NOB'-
SCN-
cr 
Amines 
L-Naphthyl amine 
Methyl amine 
Tributyl amine 
Tetrabutyl amine 
Diphenyl amine 
Organic Dyes 
Bromocresol green 
Ammonium 
purpurate 
Tliorin indicator 
Bromocresol purple 
Methyl red 
Separation (Rp values) 
Mix" + CPC 1 Mix" + TX-lOO 
0.82 
0.83 
0.85 
0.86 
0.79 
0.92 
0.91 
0.89 
0.89 
0.91 
0.86 
0.86 
0.83 
0.89 
0.84 
0.88 
0.89 
0.88 
0.77 (T) 
0.91 
0.12 
0.14 
0.14 
0.11 
0.04 
0.05 
0.06 
0.04 
0.03 
0.05 
0.02 
0.04 
0.07 
0.00 
0.03 
0.05 
0.04 
0.04 
0.03 
0.05 
0.14 
0.12 
0.15 
0.16 (T) 
0.11 
0.07 
0.06 
0.06 
0.05 
0.05 
0.03 
0.05 
0.05 
0.05 
0.05 
0.06 
0.07 
0.06 
0.06 
0.06 
0.92 
0.89 
0.93 
0.89 
0.89 
0.91 
0.91 
0.91 
0.91 
0.91 
0.92 
0.90 
0.92 
0.93 
0.86 
0.93 
0.93 
0.94 
0.94 
0.94 
T - Tailed spot (RL - RT > 0.3) 
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Table 2.14 Limit of detection of various surfactants studied 
Surfactant 
TX-lOO 
BJ-35 
BJ-57 
BJ-78 
BJ-98 
CPC 
CTAB 
TTAB 
HDTAC 
DTAB 
Limit of Detection 
0.5 
0.15 
0.5 
0.5 
9.0 
0.15 
2.0 
0.5 
0.8 
0.8 
118 
Table 2.15 RF values of metal cations on soil layers impregnated with 
surfactants (above and below CMC value) using water and aqueous 
sodium chloride solution as mobile phases 
Metal Ion Stationary phase : Soil Impregnated with 
TX-lOO 
Mobile P 
Zn^ ^ 
Cd^" 
Ni^ ^ 
Co^^ 
Mo'" 
Cu^ " 
Fe^ " 
Fe^ " 
Cr^ " 
Cr'" 
Mn^" 
0.00* (0.00) 
0.02 (0.02) 
0.01 (0.00) 
0.03 (0.00) 
ND(ND) 
0.00 (0.00) 
0.00 (0.00) 
0.00 (0.00) 
0.00 (0.00) 
0.92 (0.93) 
0.00 (0.00) 
CTAB SDS 
lase: DMW 
0.01* (0.00) 
0.04 (0.02) 
0.03 (0.00) 
0.03 (0.00) 
ND(ND) 
0.00 (0.00) 
0.00 (0.00) 
0.00 (0.00) 
0.00 (0.00) 
0.85 (0.84) 
0.02 (0.00) 
Mobile Phase : 1% aqueous sol. oi 
Zn^" 
Cd'" 
Ni'^ " 
Co^" 
Mo'" 
Cu^" 
Fe^ " 
Fe^ " 
Cr^ " 
Cr'" 
Mn^" 
0.03 (0.04) 
0.08(0.13) 
0.06 (0.05) 
0.07 (0.08) 
ND(ND) 
0.02 (0.03) 
0.00 (0.00) 
0.00 (0.00) 
0.00 (0.00) 
0.81,1(0.93) 
0.06 (0.07) 
0.02 (0.03) 
0.08 (0.07) 
0.07 (0.05) 
0.07 (0.06) 
ND(ND) 
0.02 (0.00) 
0.00 (0.00) 
0.00 (0.00) 
0.00 (0.00) 
0.01 (0.83) 
0.07 (0.05) 
0.02* (0.00) 
0.02 (0.02) 
0.03 (0.02) 
0.02 (0.03) 
ND(ND) 
0.00 (0.00) 
0.00 (0.00) 
0.00 (0.00) 
0.00 (0.00) 
0.79 (0.91) 
0.03 (0.02) 
fNaCI 
0.02 (0.02) 
0.08(0.10) 
0.06 (0.06) 
0.05 (0.08) 
ND(ND) 
0.00 (0.02) 
0.00 (0.00) 
0.00 (0.00) 
0.00 (0.00) 
0.90 (0.90) 
0.04 (0.80) 
* Rp values obtained on impregnated layers with 
CMC value. The values within bracket are those 
impregnated layer below CMC value. 
ND = Not detected 
T = Tailed spot (RL - RT > 0.3) 
surfactant above their 
obtained on surfactant 
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Table 2.16 R F values of metal cations on soil plus silica (2:8) layers 
impregnated with surfactants (above and below C M C value) using 
water and aqueous sodium chloride solution as mobile phase 
Metal Ion Stationary Phase : Soil + Silica (2:8) impregnated with 
surfactants 
TX-lOO CTAB SDS 
Mobile phase : D M W 
Zn^^ 
Cd'" 
Ni^^ 
Co^" 
Mo^ -^  
Cu^^ 
Fe^^ 
Fe^^ 
Cr^ ^ 
Cr^" 
Mn-^ " 
0.04* (0.03) 
0.26, T (0.25, T) 
0.49 (0.47) 
0.33 (0.28) 
0.97 (0.96) 
0.04 (0.03) 
0.02 (0.02) 
0.02(0.01) 
0.02(0.02) 
0.92 (0.92) 
0.33 (0.27) 
0.06* (0.06) 
0.28, T (0.26, T) 
0.50, T (0.38, T) 
0.37 (0.32) 
0.95 (0.97) 
0.07 (0.04) 
0.04 (0.03) 
0.00 (0.00) 
0.00 (0.00) 
0.95 (0.94) 
0.25, T (0.23, T) 
0.04* (0.04) 
0.37, T (0.44, T) 
0.30(0.31) 
0.26 (0.28) 
0.83,1(0.97) 
0.06 (0.09) 
0.02 (0.02) 
0.00 (0.00) 
0.05 (0.00) 
0.95 (0.95) 
0.05, T (0.33, T) 
Mobile phase : 1% aqueous sol. of NaCl 
Zn^^ 
Cd'" 
N P ^ 
Co^^ 
Mo^" 
Cu^^ 
Fe^^ 
Fe^" 
Cr^ ^ 
Cr'" 
Mn'" 
0.05 (0.04) 
0.45, T (0.47, T) 
0.53,1(0.54) 
0.43 (0.41) 
0.97 (0.97) 
0.05 (0.04) 
0.02 (0.02) 
0.00 (0.00) 
0.00 (0.00) 
0.92 (0.92) 
0.59 (0.56) 
0.05 (0.06) 
0.35, T (0.48, T) 
0.65, T (0.62, T) 
0.40, T (0.45, T) 
0.95 (0.97) 
0.04 (0.05) 
0.02 (0.02) 
0.00 (0.00) 
0.00 (0.00) 
0.92 (0.95) 
0.60 (0.62) 
0.04 (0.05) 
0.72, T (0.47, T) 
0.35 (0.55) 
0.43, T (0.52, T) 
0.78, T (0.95) 
0.09(0.13) 
0.01 (0.02) 
0.00 (0.00) 
0.07 (0.00) 
0.90 (0.90) 
0.05 (0.43, T) 
* RF values obtained on impregnated layers with surfactant above their 
CMC value. The values within bracket are those obtained on surfactant 
impregnated layer below CMC value 
T - Tailed spot (RL - RT > 0.3) 
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Table 2.17 Rp values of metal cations on silica layers impregnated 
with surfactants (above and below CMC value) using water and 
aqueous sodium chloride solution as mobile phases 
Metal Ion Stationary phase : Silica Impregnated with surfactants 
TX-lOO CTAB SDS 
Mobile Phase: DMW 
Zn^ ^ 
Cd^" 
Ni^ ^ 
Co^^ 
Mo'" 
Cu'^ 
Fe^" 
Fe^" 
Cv'^ 
CT'' 
Mn^' 
0.08* (0.07) 
0.67, T (0.68, T) 
0.83, T (0.77, T) 
0.87 (0.80, T) 
0.97 (0.95) 
0.31, T (0.18, T) 
0.04 (0.04) 
0.03 (0.03) 
0.04 (0.04) 
0.95 (0.96) 
0.90 (0.84, T) 
0.13* (0.10) 
0.67, T (0.75, T) 
0.93 (0.89) 
0.9 (0.87) 
0.92 (0.97) 
0.29, T (0.22, T) 
0.07 (0.07) 
0.04 (0.05) 
0.05 (0.04) 
0.95 (0.95) 
0.85, T (0.81, T) 
Mobile phase : 1% aqueous sol. of 
Zn^" 
Cd^" 
Ni^ " 
Co^" 
Mo'" 
Cu^" 
Fe^" 
Fe^ " 
Cr^ " 
Cr'" 
Mn^" 
0.14(0.15,1) 
0.98 (0.98) 
0.95 (0.95) 
0.96 (0.95) 
0.91 (0.95) 
0.32, T (0.34, T) 
0.05 (0.06) 
0.02 (0.04) 
0.07 (0.02) 
0.96 (0.97) 
0.93 (0.96) 
0.13(0.13) 
0.71 (0.96) 
0.96 (0.97) 
0.94 (0.97) 
0.93 (0.97) 
0.28, T (0.23, T) 
0.07 (0.07) 
0.05 (0.05) 
0.04 (0.02) 
0.95 (0.96) 
0.95 (0.95) 
0.07* (0.06) 
0.34, T (0.27, T) 
0.68, T (0.71, T) 
0.71, T (0.61, T) 
0.92 (0.96) 
0.05 (0.07) 
0.05 (0.05) 
0.05 (0.05) 
0.03 (0.06) 
0.94 (0.95) 
0.78 (0.82) 
NaCI 
0.08 (0.09) 
0.87 (0.90) 
0.93(0.91) 
0.92 (0.86) 
0.94 (0.87) 
0.10(0.10) 
0.05 (0.06) 
0.06 (0.07) 
0.06 (0.05) 
0.95 (0.95) 
0.47 (0.49, T) 
* RF values obtained on impregnated layers with surfactant above their 
CMC value. The values within bracket are those obtained on surfactant 
impregnated layer below CMC value 
T - Tailed spot (RL - RT > 0.3) 
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Table 2.18 Experimentally achieved separation of metal cations on 
soil plus silica (2:8) layers impregnated with TX-lOO and CTAB 
below their CMC value using 1% aq. NaCl sol. as mobile phase 
Plates Impregnated with TX-lOO (iCMC) 
Mixture 
Zn^" + Mn^" 
Zn^" + Co^" 
Mn^" + Cu^" 
Cu'^ + Co'^' + Mo'"*" 
Zn''' + Ni'^+Mo'^ 
Separation (Rp values) 
Zn^^ (0.04)-Mn'"^ (0.47) 
Zn^" (0.04)-Co'^ (0.40,1) 
Mn'^ (0.46) - Cu'^ (0.04) 
Cu'^ (0.03) - Co'"" (0.40) - Mo'"" (0.97) 
Zn'^ (0.04) - Ni'"" (0.54) - Mo'^ (0.97) 
Plates Impregnated with CTAB (jCMC) 
Mixture 
Zn^ ^ + NP^ 
Fe^ " + Ni'" 
Cu'^  + Co"'' 
Mo''" + Mn'"" + Fe'^ 
Zn'^  + NP^ + Mo'^ 
Separation (Rp values) 
Zn'"^  (0.06)-NP"^ (0.62,1) 
Fe^^ (0.02)-Ni'^ (0.62, T) 
Cu'^ (0.05) - Co'^ (0.45, T) 
Mo6^ (0.97) - Mn'^ (0.43) - Fe"^ (0.00) 
Zn'^ (0.04) - Ni'"" (0.42) • Mo'^ (0.97) 
T = Tailed spot (RL - RT> 0.3) 
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Table 2.19 Experimentally achieved separations of metal cations on 
silica layers impregnated with TX-lOO and CTAB below their CMC 
value using 1% aq. NaCl sol. as mobile phase 
(i) Plates Impregnated with TX-lOO 
Mixture 
Zn^ " + Mn^ " 
Zn'^  + Cd'^  
Cu'"" + Cd'^  
Fe^ " + Ni'-^  
Separation (Rp values) 
Zn'" (0.15, T)-Mn^" (0.97) 
Zn^" (0.13)-Cd^" (0.98) 
Cu'" (0.25, T)-Cd'" (0.97) 
Fe^"(0.03) -Ni^"(0.95) 
(ii) Plates Impregnated with CTAB 
Mixture 
Cu^" + Cd^" 
Cu'" + Mn^" 
Zn'^+Cd'^ 
Zn^" + Mo'" 
Separation (Rp values) 
Cu'"" (0.28, T) - Cd'" (0.95) 
Cu^" (0.23)-Mn'" (0.95) 
Zn'" (0.13)-Cd^" (0.96) 
Zn'"(0.12)-Mo'"(0.97) 
T = Tailed spot (RL - RT > 0.3) 
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Table 2.21 Rp values of pesticides on soil TLC plates impregnated with 
1% aq. CUSO4 solution using different mobile phases 
Pesticide 
MLPN 
MLN 
DCVS 
DMT 
CPS 
ZPIM 
M," 
0.85 
0.75 (T) 
0.75 (T) 
0.83 
0.17 (T) 
ND 
Mobile phase (Rp) 
M2" 
0.70 (T) 
0.69 (T) 
0.10 
0.65 (T) 
0.11 
ND 
M3" 
0.72 (T) 
0.52 (T) 
0.00 
0.65 
0.00 
ND 
M4" 
0.00 
0.00 
0.00 
0.60 
0.17 (T) 
ND 
Ms" 
0.67 
0.00 
0.00 
0.61 
0.3 (T) 
ND 
ND = Not detected 
T = Tailed spots ( R L - RT> 0.3) 
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Table 2.22 Rp values of pesticides on soil TLC plates impregnatged with 
1% aq. salt solution of Cu, Zn and Cd using different mobile phases 
Pesticide 
MLPN 
MLN 
DCVS 
DMT 
CPS 
ZRM 
Mobile phase 
Mi 
Cu 
0.62 
(T) 
0.73 
(T) 
0.59 
(T) 
0.60 
(T) 
0.29 
(T) 
ND 
Zn 
0.78 
0.60 
(T) 
0.38 
0.68 
0.50 
ND 
Cd 
0.67 
0.52 
(T) 
0.53 
(T) 
0.72 
0.28 
(T) 
ND 
M7" 
Cu 
0.86 
0.77 
0.55 
0.77 
0.56 
ND 
Zn 
0.81 
0.86 
0.70 
(T) 
0.84 
0.68 
(T) 
ND 
Cd 
0.68 
0.60 
0.35 
(T) 
0.76 
0.64 
ND 
Ms" 
Cu 
0.79 
0.57 
(T) 
0.00 
0.71 
(T) 
0.88 
ND 
Zn 
0.73 
0.59 
(T) 
0.00 
0.72 
(T) 
0.15 
(T) 
ND 
Cd 
0.67 
0.39 
(T) 
0.00 
0.66 
(T) 
0.34 
(T) 
ND 
ND = Not detected 
T = Tailed spot ( R L - RT > 0.3) 
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Table 2.23 Mobility of pesticides on pure soil (Si) and pure silica (Si) 
layers using acetone + 1% aq. NaCl sol., 1:1 voI./vol. (Mg") as mobile 
phase 
Pesticide 
MLPN 
MLN 
DCVS 
DMT 
CPS 
ZRM 
Soil 
0.76 (T) 
0.59 (T) 
0.50 (T) 
0.80 
0.00 
ND 
Silica 
0.83 
0.74 
0.76 
0.67 
0.02 
0.00 
ND = Not detected 
T = Tailed spot (RL - RT > 0.3) 
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Table 2.25 Experimentally achieved separations of pesticides on soil 
)lus silica layers impregnated with 5% aq. salt sol. of Cu, Zn and Cd 
usln^ acetone + 1% aq. NaCl (1:1, vol./vol.) as mobile phase 
\ Mixture 
(i) C 4i Impregnation 
CPS + DMT 
> 1 CPS + MLPN 
/ CPS + DCVS 
(ii) 2^ n Impregnation 
j CPS + DMT 
1 CPS + MLPN 
\ CPS + MLN 
, (iii)( Cd Impregnation 
1 i 
\ ,^ CPS + DMT 
1 CPS + MLN 
Separation (Rp values) 
CPS (0.03)-DMT (0.64) 
CPS (0.02)-MLPN(0.61) 
CPS (0.06)-DCVS (0.59) 
CPS (0.07)-DMT (0.69) 
CPS (0.12)-MLPN (0.78) 
CPS (0.20)-MLN (0.68) 
CPS (0.06)-DMT (0.47) 
CPS (0.06)-MLN (0.35) 
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